The delicate balance of spin-screening and spin-aligning interactions determines many of the peculiar properties of dilute magnetic systems. We study a surface-supported all-organic multi-impurity Kondo spin system at the atomic scale by low-temperature scanning tunnelling microscopy and -spectroscopy. The model system consists of spin-1/2 radicals that are aligned in one-dimensional chains and interact via a ferromagnetic RKKY interaction mediated by the 2DEG of the supporting substrate. Due to the RKKY-induced enhanced depopulation of one spin-subband in the 2DEG, we finally succeeded to detect the so far unobserved 'Kondo state' as opposed to the well-established Kondo resonance. Its cloud of screening electrons, that are virtually bound to the radicals below the Kondo temperature, represents the extended exchange hole of the ferromagnetically polarized spin chain imaged here in real space.
tron transport through lateral quantum-dots [8] [9] [10] formed 24 in a two-dimensional electron gas (2DEG) as well as 25 surface-supported d-metal impurities [11] [12] [13] or metalor- Here we report on a low-temperature STM study 17 . In this model the energy of the magnetic impurity level (M) is assumed to lie sufficiently far below EF so that its occupation probability p is close to one, thus avoiding mixed valency (p < 1). Double occupation of the impurity level costs the Coulomb charging energy U and raises this state to M * well above EF, thus making addition of a second electron energetically unfavourable. In the bulk of metals containing dilute magnetic impurities the Kondo effect gives rise to a higher density of states 5 for conduction electrons with opposite spin localized at the impurity sites. As a result the scattering cross-section for the conduction electrons is increased, which explains the resistivity increase of bulk Kondo systems below the Kondo temperature TK 4 . (b) In the case of tunnelling transport the low-lying impurity state opens up a new transport channel close to EF 3, 16, 21, 22 . Whenever an electron tunnels off the impurity, leaving behind an empty virtual intermediate state, it is replaced almost instantaneously by a conduction electron of opposite spin as demanded by the high occupation probability close to one. The extra transport channel increases 23 the transmission (conductance dI/dV ) close to EF and is commonly denoted Kondo resonance (R) in the literature 3, 16 .
sp radical BDPA (α,γ-bisdiphenylene-β-phenylallyl, 
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In the bulk phase BDPA is a one-dimensional paramag- The spectral shape of the dip 
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. The least-square fit based on this formalism, The spectroscopic images of Kondo screening (J Kondo < 0) as illustrated in Fig. 5a . organic multi-impurity Kondo system at the atomic scale.
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Our Kondo system consists of spin-1/2 radicals that are The shape of the Kondo resonance is determined by the phase between different tunneling paths (into the Fermi sea or into the impurity level) and the particel-hole symmetry of the conduction band 1 . The observation of a dip (reduced conductance) rather than a peak is reflected by the numerical value of the asymmetry parameter q in the fitted Fano-lineshape. q depends on the ratio of tunneling amplitudes for different possible tunneling paths 2, 3 . The obtained value of q << 1 (see Table I ) thus indicates predominant tunneling into the continuum of substrate states rather than the impurity state (which is here the SOMO) due to Coulomb repulsion.
The energetic position, ∆E = E − E F , of the Kondo dip is offset from the Fermi level. Both magnitude and sign of ∆E are clearly affected by the presence of a second neighbouring BDPA molecule in dimers [see Fig. 2c and Table I ]. While in single BDPAs the Kondo dip lies below the Fermi level, it lies above it for dimers. A negative (positive) offset, ∆E, indicates an occupied (empty) state. Fermi-liquid theory rationalizes the offset ∆E by the asymmetric level alignment of SOMO and SUMO relative to E F (the so-called electron-hole asymmetry 4 ) determined by the occupation number of the impurity level (SOMO). Without particle-hole symmetry the SOMO occupation number becomes = 1 and the Kondo peak gets displaced relative to the Fermi level.
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When it is < 1 the level is less than half-full and the Kondo resonance lies above E F and below it for > 1.
The width of the Kondo dip increases by about 19% in dimers compared to singles (see Table I ).
S2. Point spectroscopy
The energy that determines whether Kondo physics will be visible is k B T K ≈ 5 meV, is always smaller than the FWHM of the impurity level 4 (SOMO). To determine the energies and widths of SOMO and SUMO relative to the substrate Fermi level we recorded local dI/dV spectra of BDPA dimers with the STM tip positioned over BDPA near the rim (Fig. S1 ). The Kondo dip close to E F is visible (red arrow) and significantly larger than the modulation ('ripples') of the surface-state band caused by the regular herringbone reconstruction of the Au(111) 5 . Typical spectra exhibit a small filled-state resonance around −0.7 to −0.9 eV and a strong empty-state resonance around +1.5 eV marked by black arrows. We Figure S1 . dI/dV spectrum with STM tip over rim of BDPA dimer; dark yellow: pristine Au(111) surface.
attribute them to the doubly occupied HOMO and doubly unoccupied LUMO-related states.
Unfortunately, no distinct SOMO/SUMO resonances are observed in the spectrum. This may be due to the steric protection of the SOMO/SUMO, which corresponds to a small tunnelling amplitude into or out of the SUMO/SOMO -the same reason as for the observed small Fano q factor (see above). Nevertheless, the positions of SOMO/SUMO can be approximated by a comparison with the spectrum of the pristine Au(111) surface in Fig. S1 . Close to about ±0.5 V the conductance of BDPA is reduced below that of the pristine substrate, suggesting two antiresonances (marked by green arrows) that relate to SOMO/SUMO. The respective SOMO-SUMO energy gap of U ≈ 1 eV is consistent with the DFT-calculated value of U = 1.56 eV obtained for a single BDPA radical in the gas-phase, because a slight narrowing of the gap by a few tenths of electronvolts is commonly observed for organic molecules adsorbed on metal surfaces.
S3. Kondo screening cloud
Even the largest characteristic lengths of several nanometers 6, 7 so far obtained from experimental data are much shorter than the theoretical Kondo screening length ξ K = v F /(k B T K ) predicted to be about 0.1-1 µm (Fermi velocity v F = k F /m * and effective mass m * ) 8, 9 . Recent theoretical studies seem to be just about to resolve this issue, and corroborating that ξ K plays no significant role in experimental dI/dV datat, but that, rather, the experimentally observed dI/dV features decay within a few Figure S2 illustrates the results of distance-dependent STS measurements along a specific high symmetry direction of a BDPA dimer. STS spectra were recorded with the STM tip over positions at increasing lateral separation from the BDPA dimer as marked by the circles in Fig. S2a . The respective spectra shown in Fig. S2b exhibit the characteristic Kondo dip even at large lateral separations of more than 1.5 nm from BDPA, while the amplitude of the dip decreases monotonically. The spatially decaying amplitude values are plotted in Fig. S2c together with the best-fit curve obtained for a decay according to 1/r (red curve) with a reduced χ 2 = 1.1. For comparison, we fitted a 1/r 2 decay as well (blue curve), which results in a significantly poorer agreement with the experimental data (χ 2 = 1.7).
